It is suggested that the brain response of a food odour sensed retro-nasally is related to satiation. The extent of retro-nasal aroma release during consumption depends on the physical structure of a food, i.e. solid foods generate a longer, more pronounced retro-nasal aroma release than liquid foods. The aim of this study was to investigate if a beverage becomes more satiating when the retro-nasal aroma release profile coincides with the profile of a (soft) solid food. In a double-blind placebo-controlled randomised cross-over full factorial design, twenty-seven healthy subjects (fourteen males and thirteen females; aged 16-65 years; BMI 19 -37 kg/m 2 ) were administered aroma profiles by a computer-controlled stimulator based on air dilution olfactometry. Profile A consisted of a profile that is obtained during consumption of normal beverages. Profile B is normally observed during consumption of (soft) solids. The two profiles were produced with strawberry aroma and administered in a retro-nasal fashion, while the subjects consumed a sweetened milk drink. Before, during and after the sensory stimulation, appetite profile measurements were performed. Subjects felt significantly more satiated if they were aroma stimulated with profile B (P¼0·04). After stimulation with sweet strawberry aroma, there was a significant decrease in desire to eat sweet products (P¼ 0·0001). In conclusion, perceived satiation was increased by altering the extent of retro-nasal aroma release.
In man, satiation is to a large extent obtained by sensory effects, generated through the smell, taste, colour, temperature and texture of food. It is likely that these factors contribute to the inhibition of eating while finishing a course or a meal (1) . There are quantitative reports that not all food types result in the same intensity or duration of sensory stimulation (2, 3) . The extent of sensory stimulation may be related to meal termination. Liquid foods appear to be less satiating than (soft) solid foods (4 -7) . Differences in structure and composition of the food may be (partly) responsible for this effect.
In view of the obesity problem one of the targets is to develop foods that combine liking with limited food intake, by enhancing satiation signals. In this respect, the role of aroma as a sensory trigger in satiety mechanisms is of interest (8, 9) . During the consumption of a meal, aroma molecules either reach the olfactory epithelium orthonasally (perceived as originating from the external world) or retro-nasally (perceived as arising from the mouth) (10, 11) . The brain response, i.e. neural brain activation to a retro-nasally sensed food odour is signalling the perception of food (12) . The latter is hypothesised to be related to satiation. From previous work, it is known that the physical structure of a food that is consumed is important for the extent of retro-nasal aroma release during consumption (13 -16) . Additionally, interpersonal differences are important for retro-nasal aroma release efficiency. These are factors that are likely uncontrolled by a person, e.g. saliva production, nasal anatomy and oral processing habits (17 -21) . The present study focuses on differences in food characteristics related to the extent of retro-nasal aroma release that they evoke. It appeared that there was a relatively much longer retro-nasal aroma release profile when consuming cheese instead of a beverage (Fig. 1) . (Soft) solid foods like cheese have a more complex texture and therefore require more extensive chewing and swallowing, resulting in a relative long and high retro-nasal aroma release profile. On the other hand, consumption of liquid food results in a relatively short and more spiked, limited retro-nasal aroma release pattern (22 -24) . These differences may be one of the reasons why people become more satiated by a (soft) solid food compared to a beverage (4 -7) . In order to study this hypothesis, the effect of the extent of retro-nasal aroma stimulation on food intake and satiation was investigated. Using a computer-controlled stimulator based on air dilution olfactometry, aroma stimuli can be administered separately from other stimuli, such as different ingredients, textures and tastes (Fig. 2) . Hence, the relative importance of aroma stimuli apart from other stimuli on the short-term appetite profile and subsequent energy intake in normal-weight and overweight men and women was investigated. The aim of the present study was to determine whether a beverage becomes more satiating when the retro-nasal aroma release profile coincides with the profile of a (soft) solid food.
Subjects and methods

Subjects
Twenty-seven healthy subjects (fourteen men and thirteen women) aged 18 -65 years living in Ede and surroundings were recruited through the local newspapers. The subjects included normal-weight, overweight and obese subjects, with a BMI of 19-37 kg/m 2 . BMI was calculated as body weight (kg) divided by height (m) squared. Body weight was measured without wearing shoes using a calibrated scale which was accurate to 0·1 kg (Inventum, Veenendaal, The Netherlands). At the same time without wearing shoes, height was measured with a wall-mounted stadiometer (Microtoise mabo 4116, Brevete, France).
Subjects' degrees of dietary restraint were determined using the Dutch translation of the Three-Factor Eating Questionnaire (26) . Based on the outcome of the Three-Factor Eating Questionnaire subjects were selected with low scores on dietary restraint (i.e. scores # 9), disinhibition (i.e. emotional eating) (i.e. scores # 8) and physiological hunger (i.e. scores # 8). In addition, based on self-report, subjects were not allergic to, nor did they have an aversion to, any of the food ingredients used in the present study. Subject characteristics, including Three-Factor Eating Questionnaire scores, are summarised in Table 1 . Subjects were fully informed about the course of the test day and gave their written, informed consent. To prevent response-bias the participants were given no information about the hypothesis and nature of the predictions of the experiment.
They were only aware of the fact that the study was about sensory stimulation and satiety. The study was approved by the Medical Ethical Committee of Wageningen University.
Preparation of products
Sweetened milk drink. For the preparation of the sweetened milk drink, 10 % sucrose (Suiker Unie, Oud Gastel, The Netherlands) and six droplets (i.e. 0·36 ml in total) of pink food colour (Städter GmbH, Grünberg, Germany) were added to 1 litre of semi-skimmed (1·5 % fat) pasteurised milk (private label, Albert Heijn Zaandam, The Netherlands). The metabolisable energy of 1 litre of sweetened milk drink was 3·7 MJ; 15·4 % of energy as fat, 68·6 % as carbohydrate and 15·4 % as protein.
Sweetened strawberry-flavoured milk drink. In order to prepare the sweetened strawberry-flavoured milk drink, 10 % sucrose (Suiker Unie), 60 mg strawberry aroma (27) and six droplets (i.e. 0·36 ml in total) of pink food colour (Städter GmbH) were added to 1 litre of semi-skimmed (1·5 % fat) pasteurised milk (private label, Albert Heijn Zaandam). The metabolisable energy and macronutrient composition of the sweetened strawberry-flavoured milk drink were similar to the sweetened milk drink (1 litre, 3·7 MJ; 15·4 % of energy as fat, 68·6 % as carbohydrate and 15·4 % as protein).
Strawberry aroma. The strawberry aroma used was the standard flavour of the COST 921 action (27) , designed and supplied by Givaudan (Geneva, Switzerland), which contains fifteen components including ethyl butyrate (90 mg/g), methyl dihydrojasmonate (5 mg/g), methyl cinnamate (24 mg/g), vanillin (5 mg/g), ethyl hexanoate (50 mg/g), benzyl acetate (2 mg/g), g-decalactone (20 mg/g), hexanal (1 mg/g), cis-3-hexenol (15 mg/g), b-ionone (1 mg/g), ethyl iso-pentanoate (10 mg/g), methyl anthranilate (1 mg/g), furaneol (5 mg/g), styrallyl acetate (1 mg/g), cis-3-hexenyl acetate (5 mg/g), and triacetin (795 mg/g) as a solvent. Prior to use in the olfactometer, Fig. 1 . Example of one subject, taken from Ruijschop et al. (22) , illustrating the differences in the extent of retro-nasal aroma stimulation between (a) the consumption of three times one mouthful (on average 8 g per mouthful) of cheese ((soft) solid food) and (b) three times one sip (on average 17 ml per sip) of beverage (liquid food), measured by in vivo atmospheric pressure chemical ionisation -MS technology (23, 24) . Since this illustration is comparison-wise, expression of the flavour intensity in arbitrary units (A.U.) is sufficient to analyse differences (25) . As appears from the triplicate measurement, people are reproducible in the morphology and intensity of their aroma release profile.
the strawberry flavour was diluted 1000-fold in propylene glycol (Sigma-Aldrich Chemie GmbH, Germany).
Chocolate milk drink. Commercially available semiskimmed (1·5 % fat) UHT chocolate milk drink was used (Bonomel, Albert Heijn Zaandam, The Netherlands). The metabolisable energy of 1 litre of chocolate milk drink was 3·0 MJ; 17·7 % of energy as fat, 63·7 % as carbohydrate and 18·6 % as protein.
Aroma stimulation
The strawberry aroma was administered by means of a tailored computer-controlled four-channel olfactometer based on air-dilution olfactometry (OM4; Burghart, Wedel, Germany). As already described by Visschers et al. (28) , delivering foodrelated aroma stimuli via an olfactometer to subjects involves a variety of parameters and matching the aroma stimuli to such a level that can be genuinely related to food is a complex process. The approach that was used is based on the knowledge of measuring aroma release in vivo in real time using atmospheric pressure chemical ionisation-MS (APCI-MS) (24,29 -31) . In practice, the Teflon tubing outlet of the olfactometer is directly attached to the APCI-MS inlet capillary. In this way, the timing and intensity of the aroma pulses generated by the olfactometer are matched with in vivo flavour release profiles of food products that initially were measured with the APCI-MS sampling the nose of a human subject. It was demonstrated that indeed the aroma profile that was generated with the olfactometer closely resembles the concentration of volatiles in the nose space measured for an individual subject eating or drinking a specific product. This enables the design of complete aroma release profiles that mimic those obtained by in vivo experiments during the consumption of foods (28) . Fig. 2 . Schematic representation of the approach used in the present study. Using a computer-controlled stimulator based on air dilution olfactometry, aroma stimuli can be administered in a retro-nasal fashion separately from other stimuli, such as taste and mouthfeel. An MRI image showing placement of the nasal cannulae at the external nares to achieve orthonasal delivery, and at the retropharynx, to achieve retro-nasal delivery. Dots and arrows depict the idealised distribution and flow direction of odorants delivered orthonasally (via the external nares) or retro-nasally (via the retropharynx). Reprinted from Small et al. (12) , with permission from Elsevier. All aroma release profiles which were retro-nasally delivered in the nose were combined with the taste and mouthfeel sensation of a sweetened milk drink in the mouth. A.U., arbitrary units. In the current set-up, the air flow out of the olfactometer was kept constant at 8 litres/min so as to be as close as possible to natural aroma release conditions during consumption. A complete aroma time-intensity release profile was administered by the olfactometer consisting of multiple aroma pulses. The aroma release curve that resembles the consumption of a liquid food (i.e. aroma profile A - Fig. 3 ) was delivered as a profile of three consecutive pulses, each lasting 3 s, with interpulse intervals of 1 s. The odorised-dilution air flow ratios, i.e. the amount of odour-enriched air v. the amount of odourless air for the three pulses within the profile were 4:4, 2:6, 1:7, with a total odourþdilution air flow of 8 litres/min. The aroma concentration in the delivered air corresponds linearly to the fraction of the total flow for flow rates up to 4 litres/min in each aroma vessel. The second aroma profile (i.e. aroma profile B - Fig. 3 ), mimicking the consumption of a (soft) solid food like Dutch Gouda cheese, varied only in the number of delivered consecutive pulses. In this profile ten pulses were delivered. The two aroma profiles thus primarily differed in length of the aroma release curve and not in concentration (height). Both profiles were designed in such a way that the envelope of the aroma pulses mimics the reflux of air that occurs during and after swallowing. Each subject received both aroma profiles with the same concentration of the strawberry aroma in a fully randomised order. For retro-nasal odour delivery, approximately 9 cm in length of a silicon tube (suction catheter CH 10; D-Care B.V., Houten, The Netherlands) was placed into the lower meatus of the right nasal cavity. Anterior rhinoscopy was performed to exclude major pathology. Introduction of the tubing to the nose was tolerated well by all subjects without causing congestion, epistaxis or mucus discharge. Subjects waited for 15 min, in which they could relax and familiarise with the tubing. To what extent a subject felt comfortable was also recorded. The silicon tube was connected to the olfactometer while the subject was sitting straight up in a chair, enabling concurrent consumption of a beverage.
Subjects were connected to the olfactometer for 10 min. The duration of aroma stimulation depended on the type of aroma stimulation they received. Both aroma stimulations consisted of ten aroma release profiles, starting every minute. All ten aroma release profiles which were retro-nasally delivered in the nose were combined with the taste and mouthfeel sensation of a sweetened milk drink (10 ml) in the mouth. During one complete aroma stimulation experiment, every subject received ten such milk samples (100 ml in total), which were served at 7^18C.
A specific protocol was established for the timing of aroma delivery. As 10 ml is a normal quantity to be consumed in one sip, subjects were instructed to consume the entire sweetened milk sample in one sip using a straw. The aroma was delivered 3 s after the instruction to consume the sweetened milk sample. No specific instruction with regard to breathing was given. With the exception of strong breath intake through the nose, the total air flow of 8 litres/min from the olfactometer ensures delivery of the aroma to the olfactory epithelium. During the experiments, the subjects were closely observed in order to verify compliance with the protocol.
To prevent adaptation to the delivered aroma, the delay between the measurements amounted to a minimum of 17 s (i.e. the time interval between two successive aroma release profiles). Within this time interval, a continuous constant flow of clean air was maintained. After aroma stimulation, the silicon tube was removed and subjects went to another room for the remaining part of the experiment.
Experimental design
Separately, in order to prevent response-bias, additional sensory data were obtained to investigate whether the difference in the two aroma release profiles was large enough to be perceived as being different. Therefore, after the satiation experiments, a triangle test was performed with the subjects who participated in the study. Based on these results, it could be checked whether the intervention was successful.
For the satiation experiments, each subject visited the test location twice in the morning. Between each visit there was a time interval of 1 week. Before starting the experiment, daily dietary energy requirements were calculated individually by multiplying the BMR by an activity index of 1·75. The BMR was calculated according to the equation of Harris & Benedict (32) . Subjects were asked to consume 10 % of the daily dietary energy requirements for breakfast at home, which varied per person from 836·8 to 1464·4 kJ (from 200 to 350 kcal). In addition, the subjects were requested to consume the same type and amount of breakfast when visiting the laboratory the second time. Based on this individually standardised breakfast, subjects visited the laboratory every time with comparable feelings of hunger and satiety. This was confirmed by a baseline measurement before the start of the aroma stimulation.
In a double-blind placebo-controlled randomised crossover full factorial design subjects were administered two different aroma profiles using an olfactometer set-up as described earlier. Before, during and after the sensory stimulation, appetite profile measurements were performed. After sensory stimulation actual beverage intake of the sweetened strawberry-flavoured milk drink was measured. In addition, liking of the sweetened strawberry-flavoured milk drink v. the chocolate milk drink was measured. The design of a test day is represented schematically in Fig. 4 . Since the present study is comparison-wise, expression of the flavour intensity in arbitrary units (A.U.) is sufficient to analyse differences (25) . The smoothed lines indicate the perceived aroma intensity, which is a continuous envelope.
Sensory evaluation of the aroma profiles
A triangle test was performed in order to investigate whether the difference in the two aroma profiles was large enough to be perceived as being different. Using the olfactometer (OM4; Burghart), twenty-five subjects received four triangles each in a retro-nasal fashion. These triangles consisted of three stimuli, i.e. either two liquid (profile A) and one (soft) solid (profile B) aroma release profile or two (soft) solid (profile B) and one liquid (profile A) aroma release profile in a fully randomised order. Subjects were asked to pick out the odd stimulus.
Data analysis of triangle test. The number of correct responses (i.e. correctly identified odd stimuli) and total responses of the triangle test were counted. Data were treated as though there were 100 individual judges, instead of four replicates from twenty-five judges. To check if this was statistically valid, the possibility of non-independent judgements among replications was tested. The proportions of correct decisions between the replicates were not significantly different. Therefore, the data could be combined and the combined data may be analysed without reference to the individual replications (33) . It was determined if the number correct for the number tested (i.e. 100) was equal to or larger than the number indicated in the suitable statistical table (i.e. forty-two), i.e. the minimum number of correct responses required for significant difference at a significance level of a ¼ 0·05 (34) .
Measurements
Short-term appetite profile. The appetite profile, i.e. ratings of hunger, fullness, satiety, desire to eat, and thirst were recorded on a 100 mm visual analogue scale (VAS) (anchored for each with 'not at all' and 'very much') at regular timepoints before, during and after both the aroma stimulation and the ad libitum beverage intake (see VAS AP - Fig. 4 ).
In addition, at the same time-points desire to eat sweet products and desire to eat savoury products were recorded on 100 mm VAS anchored with 'not at all' and 'very much'. In Dutch language the exact wording for recording of the appetite profile ratings was: 'Hoeveel honger heeft u?; Hoe vol voelt u zich?; Hoe verzadigd voelt u zich?; Hoe groot is uw wens om te eten?; Hoeveel dorst heeft u?; Hoeveel trek heeft u in iets zoets?; Hoeveel trek heeft u in iets hartigs?' (26) . All rating scales were provided on separate sheets that were collected after each rating.
Actual beverage intake. To measure the effect of the type of aroma stimulation on actual food consumption, 5 min after the subjects had been aroma stimulated, they were offered 1 litre of sweetened strawberry-flavoured milk drink, served with a straw in a jar covered with aluminium foil at 7^18C, from which they could drink ad libitum. The amount offered was such that there were always leftovers. After consumption the amount of beverage consumed was measured for each subject (Mettler-Toledo balance; Greifensee, Switzerland).
Pleasantness of flavour rating. To determine possible sensory-specific satiety effects, defined as the decrease in pleasantness of a food after it is eaten compared with the decrease in pleasantness of foods that were tasted but not eaten to satiation (35) , two different kinds of dairy products were used: a sweetened strawberry-flavoured milk drink and chocolate milk drink. The sweetened strawberry-flavoured milk drink was the same drink as used for the actual beverage intake measurements. Before and after the aroma stimulation, subjects received 10 ml of both sweetened strawberry-flavoured milk drink and chocolate milk drink. Samples were served at 7^18C. After drinking the sweetened strawberryflavoured milk drink sample, subjects were asked to scale their hedonic rating (100 mm VAS anchored with 'not pleasant at all' and 'very pleasant') and their desire to drink this sweetened strawberry-flavoured milk drink (100 mm VAS anchored with 'not at all' and 'very much') (see VAS liking - Fig. 4) . Subsequently, the same measures for the chocolate milk drink were recorded. . To determine possible sensory-specific satiety effects, hedonic ratings were recorded for the sweetened strawberry-flavoured milk drink and the chocolate milk drink on a 100 mm VAS (VAS liking-ref and VAS liking-1 ). In addition, 5 min after the subjects had been aroma stimulated, the amount of sweetened strawberry-flavoured milk consumed ad libitum was measured.
Data analysis of short-term appetite profile, actual beverage intake and pleasantness of flavour. VAS ratings were measured in millimetres from the left ('not at all') end of the scale. Since there were no significant differences in VAS rating at baseline measurement, D VAS ratings, i.e. changes in VAS ratings, were calculated by subtracting the ratings at the time-point before aroma stimulation took place (VAS AP-ref for appetite profile ratings and VAS liking-ref for hedonic ratings) from the ratings at the different time-points after aroma stimulation (VAS AP-1 to VAS AP-7 for appetite profile ratings and VAS liking-1 for hedonic ratings). All data are presented as means with their standard errors of the mean. Actual beverage intake and the different VAS ratings were compared between the two aroma stimulations by using paired t-tests and also ANOVA with repeated measures. Post hoc, for each comparison separately, ANOVA with repeated measures was also used. For all data analyses the statistical packages SAS, release 9.1 (SAS Institute Inc., Cary, NC, USA) were used. P, 0·05 was considered statistically significant.
Results
Sensory evaluation of the aroma profiles
From the 100 triangles that were carried out in the triangle test, seventy-three correct responses were counted. This implies that subjects were able to evaluate the two aroma release profiles as significantly different (P, 0·001); thus most of them were able to discriminate between the liquid (profile A) and (soft) solid (profile B) aroma release profile. Among the responses, it was not possible to identify sensitive and insensitive subjects. In the satiation experiments, the timing for each sip of sweetened milk drink while an aroma profile was delivered did not vary between the two aroma profiles A and B. The only difference in sensory experience that was perceived by the subjects was a lingering of aroma (i.e. aftertaste) after swallowing the sweetened milk sample when aroma profile B was administered. By interviewing subjects afterwards, it appeared that they were completely unaware that the strawberry-flavoured sweetened milk drink consisted of separately delivered aroma and taste/mouthfeel stimuli.
Short-term appetite profile
Before, during and after the sensory stimulation, appetite profile measurements were performed. Figs. 5 and 6 show, respectively, the results of the different types of aroma stimulation on the change in VAS ratings of satiation and the effect of aroma stimulation in general on the change in desire to eat sweet and savoury products VAS rating.
A significant difference was demonstrated in perceived satiation between an olfactometer delivery of a classical beverage aroma profile (profile A; D mean response at VAS 2 3·0 (SEM 5·3) mm) compared to an olfactometer delivery of a (soft) solid aroma profile (profile B; D mean response at VAS 2 14·5 (SEM 5·3) mm). From Fig. 5 it can be concluded that during aroma stimulation (VAS 2 ) subjects felt more satiated if they were aroma stimulated with profile B (F (1, 390) 4·24; P¼0·04). In addition, with regard to desire to eat sweet and savoury products ratings, there was a decrease in desire to eat sweet products after stimulation with the sweet strawberry aroma, irrespective of the type of aroma stimulation (D mean 214·6 (SEM 4·4) mm). Overall, after stimulation with the strawberry aroma, the desire to eat sweet products decreased significantly (F (1, 390) 8·17; P¼0·0001). As expected, no significant change in desire to eat savoury products after aroma stimulation with the sweet strawberry aroma was observed (D mean 0·7 (SEM 4·9) mm; F (1, 390) 0·54; P¼0·80; Fig. 6 ).
Post hoc, after aroma stimulation a significant age effect was observed; i.e. older people (age^45 years) felt on average less satiated (peak values for D satiation VAS rating ¼ 3 and 13 mm for older and younger people, respectively) and had less decrease in desire to eat sweet products (D desire to eat sweet products VAS rating ¼ 2 8 and 218 mm for older and younger people, respectively; P, 0·05; data not shown).
Actual beverage intake
After sensory stimulation actual beverage intake of sweetened strawberry-flavoured milk drink was measured. The amount of sweetened strawberry-flavoured milk drink consumed ad libitum did not differ significantly between the two aroma stimulations (respectively, 187 (SEM 16) ml (range 3·7 -526·2 ml) after aroma stimulation with profile A and 185 (SEM 16) ml (range 10·8 -600·8 ml) after aroma stimulation with profile B) (F (1, 25) 0·01; P¼0·94; Fig. 7 ). Since there was no gender effect in the actual beverage intake data (F (1, 25) 0·18, P¼0·68), males and females were analysed together. After calculating to what extent energy consumed ad libitum contributed to the daily dietary energy requirements, it appeared that overweight subjects (BMI . 25 kg/m 2 ) consumed more compared to the normal-weight subjects (BMI # 25 kg/m 2 ). Actual beverage intake, expressed as a percentage of the daily dietary energy requirements, was positively related to BMI after aroma stimulation with both profile A and profile B (for aroma stimulation with profile A: R 2 0·17; P¼0·03; and for aroma stimulation with profile B: R 2 0·34; P¼0·001, respectively).
Pleasantness of flavour rating
Even though after aroma stimulation the pleasantness of flavour decreased for both the sweetened strawberry-flavoured milk (D mean 2 1·4 (SEM 2·2) mm) and the chocolate milk drink (D mean 23·4 (SEM 1·7) mm), no significant effect upon the pleasantness of flavour was observed (F (1, 25) , 1·59; P. 0·21). Subjects perceived no decrease in pleasantness of flavour or desire to drink the sweetened strawberry-flavoured milk drink compared to the chocolate milk drink.
Discussion
Using a triangle test, differences with respect to duration of the olfactory stimulation were determined using the (untrained) consumer subjects. Subjects were able to distinguish the two different aroma profiles as significantly different when they were delivered to them in a consecutive order. However, it has to be noted that during the satiation measurements, which were 1 week apart, the subjects were not consciously aware of the differences in delivered aroma release profiles A and B. By interviewing subjects afterwards, it appeared that subjects may be aware to some extent of the delivery of aroma, but they did not perceive any difference in the type of aroma stimulation they received when visiting the laboratory the second time 1 week later compared to the first time. This indicates that there was no response bias. In conclusion, a significant difference demonstrated in perceived satiation between olfactometer delivery A and B can be perceived, but during the satiation experiments, subjects were not consciously aware of the differences.
The demonstrated difference in perceived satiation between an olfactometer delivery of a classical beverage aroma profile A compared to an olfactometer delivery of a (soft) solid aroma profile B is a meaningful result. To our knowledge, this is the first time that such a result has been observed. A beverage with an aroma release profile similar to a (soft) solid food (profile B) is able to increase the subject's feeling of satiation significantly (Fig. 5) . Since the transit time in the oral cavity is relatively short with consumption of beverages, consumption of beverages usually results in relatively short and spiked aroma release patterns (22, 24) . This limited retro-nasal aroma release efficiency may result in less sensory stimulation. The difference in the extent of retro-nasal aroma release between (soft) solid and liquid foods is most likely one of the reasons why people perceive to be more satiated by a (soft) solid food compared to a beverage.
It appeared that after stimulation with the strawberry aroma a significant decrease in desire to eat sweet products is observed, irrespective of the type of aroma stimulation (Fig. 6 ). This is due to sensory-related satiation. Apparently, the difference in aroma profiles A and B did not result in a difference in decrease in desire to eat sweet products. This may be due to a difference too small between both aroma profiles. Based on the results regarding desire to eat sweet products, it is in line with expectations that no significant change in desire to eat savoury products after aroma stimulation with the sweet strawberry aroma was observed (Fig. 6) .
The fact that no significant difference was observed in actual beverage intake after an olfactometer delivery of a classical beverage aroma profile (A) compared to an olfactometer delivery of a (soft) solid aroma profile (B) was not unexpected. Energy intake during a meal was not related to pre-prandial satiety, similar to previous observations (7,36 -38) . In fact, energy intake during a meal is related to the various parameters after the meal, i.e. postprandial satiety and intermeal interval (39) . Furthermore, no significant difference in pleasantness of flavour rating of a sweetened strawberry-flavoured milk drink v. a chocolate milk drink after olfactometer delivery A or B appeared. A possible explanation could be that aroma was not the only determinative factor responsible for the outcome of the pleasantness of flavour ratings. It might be that congruency between sweet taste and aroma perception for both the strawberry and the chocolate drink plays a role (40) . Since the chocolate milk drink had a sweet taste too, this may be the sensory driver for pleasantness of flavour ratings and therefore there is limited difference between chocolate and strawberry-flavoured milk. This would indicate a generalisation over sweet products, thus a larger band-width, after aroma stimulation with sweet foods in general.
In addition, the higher satiation response after the (soft) solid aroma profile (profile B) compared to the liquid aroma profile (profile A) might be contributing to a learned response (i.e. conditioned satiation, cf. Booth et al. (41) and Gibson & Brunstrom (42) ). In real life people may gradually learn that (soft) solid foods have a higher satiating capacity/energy Fig. 7 . The amount of sweetened strawberry-flavoured milk drink consumed ad libitum after the two aroma stimulations by the twenty-seven subjects. There was no significant difference in actual beverage consumption between the two aroma stimulations (F (1, 25) 0·01; P¼0·94). content than liquid foods. The higher satiating effect of the (soft) solid aroma profile may be explained in terms of a longer nasal monitoring of odour release which is usually associated with a higher subsequent ingestion of energy.
An alternative explanation for the observed difference in appetite rating is a higher sensory-specific satiety effect of the (soft) solid aroma profile compared to the liquid aroma profile. The lack of significant differences in the pleasantness of the exposed relative to the unexposed flavour and in ad libitum intake makes this explanation less probable. However, it may be difficult to distinguish between a sensory-related satiation effect and sensory-specific satiety.
To summarise, by using this novel approach, i.e. delivering aroma stimuli separately from taste and mouthfeel, the relative importance of aroma stimuli on the short-term appetite profile and subsequent energy intake can indeed be determined. The present study demonstrates that a beverage is perceived as more satiating than the original beverage when the retronasal aroma release profile during consumption coincides with the profile of a (soft) solid food. Perceived satiation can thus be increased by altering the extent of aroma release. Despite changes in subjective experience, there is no impact on ad libitum amount consumed. This dissociation is a common observation in the field and similar to previous studies 7,36 -38) . However, in a follow-up study it would be a great challenge to obtain also a significant effect on actual food intake.
The results of the present study are interesting for the development of foods that contain triggers that are able to induce or increase the feeling of satiation, for instance foods with an increase of aftertaste by lingering aroma, or long chewable food structures that evoke lots of oral processing and an increase in transit time in the oral cavity, resulting in a higher retro-nasal aroma release efficiency. These applications may lead to a higher quality or quantity of sensory stimulation, which in turn may lead to enhanced feelings of satiation. For example, people who are participating in a weight loss programme may benefit with these foods.
